SUMMARY One hundred and seventy-six students free of gastrointestinal disease were studied to establish normal acid secretion values for healthy male and female students by the augmented histamine test and to re-examine the relationship between gastric acid secretion and ABO blood groups, body weight, fat-free body mass, height, degree of ectomorphy and mesomorphy, the number of cigarettes smoked per day, and serum cholesterol. A prospective study was then carried out on gastric acid secretion and the subsequent development after 10 years of duodenal ulcers or dyspepsia.
secretion and body habitus and to assess the correlation between blood groups, cholesterol, cigarette smoking, and gastric acid secretion.
As the subjects chosen for the study were mainly healthy medical students, this provided a unique opportunity to do a prospective study on gastric acid secretion and the subsequent development of duodenal ulcers and dyspeptic symptoms.
Material
One hundred and sixty medical students and 16 physiology students free of gastrointestinal disease (a few admitted to occasional postprandial heartburn) were studied in their second year at university.
Eighteen of the students were females. Their average age was 20 years (age range 17-34). An augmented histamine test was performed in all 176 students in 1962. In 174 of these students, the ABO blood group was determined and in 169 the serum cholesterol estimated. The following anthropometric data were obtained in many of the students (number in parenthesis): (a) height (170); (b) weight (170); (c) percentage body fat (83) from which the fat-free body mass was derived, ie, body weight minus the percentage body fat; (d) the index of attenuation (height /3 /weight) as a measure of ectomorphy (74); (e) the chest breadth to height ratio as a measure of mesomorphy (74) .
In addition, each student filled in a questionnaire about his cigarette smoking habits.
Ten years after the initial histamine tests, 160 of the students (the majority now medical practitioners, and whose addresses were therefore obtained from the medical directory) were sent questionnaires in which they were asked about dyspeptic symptoms, symptoms suggestive of a possible ulcer, or whether a duodenal ulcer had actually been diagnosed. One hundred and forty-two replies were obtained.
Methods
The augmented histamine tests were carried out as previously described (Marks, 1961; Marks, Bank, Louw, and Van Embden, 1962 (Abell, Levy, Bernard, and Kendall, 1952) .
Anthropometric data were obtained by the physiology laboratory. The percentage body fat was measured by the method of Sloan, Bert, and Blyth (1962) in which skin folds were measured at the following sites: (a) anterior abdominal wall halfway between the umbilicus and the top of the symphysis pubis; (b) the side of the thorax in the midaxillary line level with the xyphoid; and (c) the back of the arm in the midline half way between the acromium and olecranon processes with the shoulder B. H. Novis, I. N. Marks, S. Bank, and A. W. Sloan adducted and elbow extended. All skin-fold measurements were done in duplicate. The percentage fat was calculated by the formula of Keys and Broz'ek (1953) .
The index of attenuation (Hooton) was derived from the following formula: weight in g 3 ,/weight in g
The index is greater in the ectomorph than in the endomorph or mesomorph.
The height to transverse diameter ratio as a measure of mesomorphy was derived from the 100 x chest breadth in cm formula:
Height in cm
The ratio is higher in the mesomorph than in the ectomorph or endomorph.
In the questionnaire sent out 10 years after the initial testing the students (mostly now qualified medical men) were asked three questions which were then used to divide them into four groups according to their answers. (a) Have you developed a peptic ulcer and how was this diagnosed? (b) If you have not actually had an ulcer diagnosed have you had symptoms suggestive of a possible ulcer, namely, periodic epigastric pains related to meals and relieved by antacids or night pains? (c) Have you had any dyspeptic symptoms which are unlikely to be actual ulcer dyspepsia, ie, heartburn, epigastric pain, pain relieved by antacids, loss of appetite, chronic diarrhoea or constipation. The fourth group was those who were totally asymptomatic.
Results
In the 176 students tested the basal acid output (BAO) was 5-2 + 3.9 m-equiv/hr (mean ± standard deviation) and the mean maximal acid output (MAO) was 26-2 ± 10.2 m-equiv/hr (Table I ). In the 158 male students (average weight: 68.5 kg) the mean BAO was 5.4 ± 4.1 m-equiv/hr and the mean MAO was 26.8 ± 10.2 m-equiv/hr. Acid secretion was lower in the 18 females (average weight = 57.7 kg) tested, the mean BAO was 3.0 ± 2-0 m-equiv/hr, and the mean MAO was 20.7 ± 8A4 m-equiv/hr.
Histamine-fast achlorhydria occurred in two students. A BAO greater than 10 m-equiv/hr and an MAO greater than 40 m-equiv/hr occurred in 10% of the male but none of the female students tested. The highest BAO in the group was 22-7 m-equiv/hr and the highest MAO was 61.3 m-equiv/ hr (Fig. 1) .
The 83 students with blood group 0 had a BAO of 5.9 ± 3.9 m-equiv/hr (mean ± SD) and an MAO of 27-5 ± 9.0 m-equiv/hr (Table II at some period in the 10 years after testing, often related to stress or dietary and alcoholic indiscretions. This group had similar acid outputs compared with the other two groups, ie, a mean BAO of 4.2 + 3.4 m-equiv/hr and a mean MAO of 24.8 ± 11.7 m-equiv/hr. Seventy-one persons claimed never to have had any dyspeptic symptoms and this group had a mean BAO of 5.5 ± 4.1 m-equiv/hr and a mean MAO of 26.8 ± 8.7 m-equiv/hr.
The mean acid outputs were also calculated in all those who had had symptoms of heartburn, epigastric pain, and night pain. The mean BAO and MAO in these three symptom groups are shown in Table IV . The differences were not significant. group.bmj.com on June 24, 2017 -Published by http://gut.bmj.com/ Downloaded from Gastric acidsecretion, body habitus, bloodgroups, smoking and development ofdyspepsia, duodenal ulcer i11 Discussion BODY BUILD Previous studies correlating the maximal acid output and body build by measurements of height, weight, surface area, and lean body mass have produced conflicting reports. In normal adult males a significant correlation between maximal acid output and body weight was obtained by Marks (1961) . Baron (1964) showed that 'in normal subjects there were correlations of possible significance' between peak acid output and height in men and between peak acid output and weight and surface area in women, but found all other correlations negative and therefore concluded that no definite significant association existed between gastric secretion and body build. Similar conclusions were reached by Vakil and Mulekar (1965) and by Goyal, Gupta, and Chuttani (1966) in normal male subjects. However, significant correlations have been found between maximum acid output and weight in infants and children (Ghai, Singh, Walia, and Gadekar, 1965; Kopel and Barbero, 1967) . Hume and Melrose (1967) in a small series of eight normal subjects and 23 ulcer subjects found a significant correlation between maximal acid output and lean body mass in both the normal and duodenal ulcer subjects. The correlation between peak acid output and body weight (and lean body mass) was later confirmed by Baron (1969) in restudying a combination of data in two groups of normal subjects and patients with ulcers. Desai et al (1972) in India have also recently shown a significant correlation at the 5 % level between body weight and MAO in 40 control males. Card and Marks (1960) showed that the maximal acid output is directly related to the parietal cell mass and suggested that the lower acid output in women appeared to be a reflection of their smaller stature and thus of a smaller parietal cell mass. The finding in this study of a significant correlation between maximal acid output and body weight supports this suggestion. The correlation between body weight and MAO was highly significant (r = 0.4149; P < 0.001) and was slightly better than the correlation between MAO and fat-free body mass (r = 0.3557; P < 0.01) in this study. The difference between the two 'r' values was, however, not significant by Z-transformation = 0 5.
We were unable to show any significant correlation between the acid output and height or between the acid output and the degree of ectomorphy as measured by the index of attenuation or the degree of mesomorphy as measured by the chest diameterheight ratio. No correlation was found between the acid output and serum cholesterol levels.
In this series of young healthy students the mean acid output (BAO/MAO) of 5 2/26.2 was higher than in a group of 61 middle-aged controls with a mean acid output of 3.2/19.1. Hospital patients free of gastrointestinal disease had a considerably lower mean level than either of the above two groups, confirming that young healthy persons have a greater acid production than their middle-aged counterparts and even higher than unwell hospital patients.
The acid secretion was considerably (but not statistically significant, P > 0.4) lower in the 18 females tested than in the males which correlated well with their lower body weight.
BLOOD GROUPS
The study of acid secretion and blood groups provided no positive conclusions. Two of the students who had proven duodenal ulcers had blood group A and the other group 0. The 83 students with blood group 0 had a minimally higher acid output than the 58 students with group A, the 26 students with group B, and the seven students with group AB. However, these differences were not significant at the 5% level (Student's t test). These findings suggest that although duodenal ulcer may be commoner in patients with blood group 0, the relationship of the level of acid output and the blood group is probably not the factor of aetiological importance. A previous study on blood groups and gastric acidity by K0ster, Sindrup, and Seegle (1955) showed that conditions associated with the least production of acid have an increased frequency of blood group A, while conditions associated with the greatest production of acid have an increased frequency of blood group 0. Although the study encompassed a large number of patients and controls very few had acid secretory studies performed and the results were simply based on their conclusions on the range of acid secretion in duodenal ulcer, gastric ulcer, normal, and carcinoma of the stomach. SMOKING A particularly interesting finding was the significant correlation between basal acid output and the number of cigarettes smoked per day but not with the maximal acid output. This raises the possibility that cigarette smoking over a long period stimulates either the vagus or basal gastrin secretion, possibly through a nicotinic effect. Previous studies on the effect of smoking on gastric acid secretion have been inconclusive. Cooper and Knight (1956) found no difference in acid secretion between a group of duodenal ulcer patients who smoked and those who refrained during the study. Debas, Cohen, Holubitsky, and Harrison (1971) observed no significant overall change in acid secretion in 12 volunteers who smoked three cigarettes over a one-hour period of pentagastrin-stimulation test but some individuals did experience a significant secretory response. The finding in our study would tend to support the contention of Doll et al (1958) that cigarette smoking may retard ulcer healing.
SUBSEQUENT DEVELOPMENT OF ULCER DYSPEPSIA
The use of healthy medical students provided the unique opportunity to do a prospective study, after a 10-year period, during which they were under strain of examinations for about five years and thereafter from house jobs to registrarships or private practice, on the relationship between gastric acid secretion, tested at a time when none of them had any significant gastrointestinal symptoms, and the later development of duodenal ulceration or 'dyspepsia'. Of the 176 students tested, 16 were physiology students and only six of these could be traced. Four of the medical students did not proceed to qualify and they could not be traced and two had died in accidents. Questionnaires were therefore sent to 160 persons and of these 142 completed the questionnaire.
Of the three who had developed proven duodenal ulceration one had the highest basal acid output of the whole group, ie, 22'7 m-equiv/hour, and all three had high basal and maximal acid outputs. Twenty persons had at some stage had symptoms suggestive of a possible ulcer. This group had a similar basal and maximal acid output to the 48 persons who had minor dyspeptic symptoms and, indeed, to the 71 persons who claimed never to have had dyspeptic symptoms.
In a similar follow-up study on 85 healthy men who had histamine test meals performed 15 years previously, Doll, Jones, and MacLagan (1949) found that the average volume of gastric juice secreted in the 10 who had developed symptoms suggestive of peptic ulcer (none proven) was significantly higher than that secreted by the rest.
No difference was found in the maximum free acidity nor in the amount of free acid secreted per hour. Following up these same men 13 years later Baron (1962) found that seven had now developed proven duodenal ulcers and 15 had dyspepsia but found no significant difference in the acid secretory data of those with no dyspepsia and those with duodenal ulcers. These studies were unfortunately limited by the poor discrimination obtained using the old submaximal histamine test and no conclusion could be drawn on 'whether hypersecretion precedes or follows duodenal ulceration'.
This premorbid study, the first using an augmented histamine test, indicates that persons developing a duodenal ulcer are very likely to have a high acid secretion even before the ulcer has developed. This study, however, also shows that a high acid output frequently occurs in people with no predisposition to the development of duodenal ulcers or even minor dyspeptic symptoms, for some considerable period at least. But it should be borne in mind that the average age at the time of the follow-up survey was 30 years at which age very few duodenal ulcers would be expected to have developed. It is therefore hoped to repeat this study in this department in a further 10 and 20 years time. 
